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Summary 

The  role  of  the  immune  response  in  the  pathogenesis  of  lethal  and 
non-lethal  lymphocytic  choriomeningitis  virus  (LCMV)-infectiono  of 
young  adult  Syrian  golden  hamsters  ( Mesocricetus  auratus)  of  different 
strains  was  examined  using  immunosuppressive  treatment  with  cyclo¬ 
phosphamide  or  with  whole-body  gamma-irradiation.  In  all  hamsters, 
the  LCMY  strains.  WE  and  Armstrong  (ARM),  caused  systemic  infections 
and  induced  comparable  serum  LCMV-antibody  titers.  However,  lethal 
wasting-disease  occurred  which  was  hamster-strain  and  virus-strain  de¬ 
pendent.  With  WE-inoeuIa.  MHA  and  PD4  inbred  hamsters  were  all 
susceptible  to  lethal-disease  and  failed  to  completely  eliminate  infection. 
All  LSH  andCB  inbred  hamsters  resisted  lethal-disease  and  totally  cleared 
WE-infection.  Random  colony-bred  LVG  hamsters  and  inbred  LHC  ham¬ 
sters  were  intermediate  in  WE-susceptibilitv;  some  died  with  wasting, 
while  others  survived  with  minimal  to  no  illness.  ARM  was  avirulent  for 
all  hamsters  and  infections  were  totally  cleared.  By  immunosuppressive 
treatment,  all  hamsters  were  rendered  completely  susceptible  to  lethal- 
disease  by  WE.  and  had  unresolved  infections  and  diminished  serum 
LCMV-antibody  titers.  Immunosuppression  also  rendered  all  hamster 
strains  partially  susceptible  to  lethal  infection  by  ARM.  The  hamster 
immune  response  was  thus  shown  to  suppress  LCMY-infection  and  protect 

against  lethal  illness.  (.  :  - - 

_  ' 
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has  been  a  long 


^  Introduction 

The  Syrian  golden  hamster  ( Mesocricetus  auratu.s 
recognized  host  for  lymphocytic  choriomeningitis  virus  (LCMV)  and  of 
considerable  concern  as  a  reservoir  for  human  LCMV-outbreaks  (1.  7.  8. 
15,  29.  33,  41.  42  .  44  .  47  ,  50].  However,  past  information  on  LCMY- 
virulence  for  hamsters  has  not  been  consistent.  While  many  studies  have 
reported  inapparent,  self-limited  and  immunizing  infections  [8.  15.  29. 
33.  41.  42.  44.  47.  50],  a  few  have  given  indications  that  lethal  and  non- 
lethal  illness  can  occur  [8.  29.  44,  47], 

Pathogenesis  and  host-virus  parameters  are  not  clearlv  known  for 
hamster  LCMV -infect ions.  Perhaps  conflicting  data  regarding  LCM  V- 
lcthality  for  hamsters  discouraged  tiie  use  of  these  rodents  for  more 
detailed  investigations.  Nevertheless,  several  discussions  and  reviews 
have  implied  that  immunopathogenetic  mechanisms  underlie  the  clinical 
outcome  of  these  infections  [1.  7.  8. 15.  23,  29].  By  this  process,  infectious- 
virus  elimination  by  an  anti-viral  immune  response  would  occur  with 
disease  and  death;  the  absence  of  this  immune  response  should  favor 
infectious-virus  persistence  without  acutely  fatal  consequences.  A  con¬ 
trasting  view  has  argued  that  anti-viral  immunity  mediates  virus  clear¬ 
ance  and  thereby  protects  hamsters  from  disease  and  mortality  by  LCMV 
[29,  42,  47], 

In  the  past  there  has  been  no  reliable  experimental  host-virus  system 
to  adequately  assess  the  immune  response  role  in  the  pathogenesis  ol 
hamster  LCMV-infections.  However,  recently,  uniform  LCVM-hamster 
models  of  inapparent.  non-lethal  infections  and  lethal  infections  with 
wasting-disease  were  established  in  our  laboratory  [10].  The  LCMV 
strains,  WE  and  Armstrong  (ARM),  produced  systemic  infections  in  all 
young  adult  hamsters.  Also,  hamsters  of  all  tested  background  strains 
responded  to  infection  with  comparable  serum  LCMV-antibody  titers. 
Lethality  and  disease  were  dependent  upon  both  hamster-strain  and 
virus-strain.  The  LCMV  strain,  WE,  was  hamster-virulent.  Inbred  MHA 
and  PD4  hamsters  were  susceptible  to  lethal  wasting-disease  by  WE. 
Inbred  LSH  and  CB  hamsters  were  resistant  to  illness  and  death  by  WE. 
Random  colony-bred  LVG  hamsters  and  inbred  LHC  hamsters  were  in¬ 
termediate,  or  partial,  in  susceptibility  to  lethal  WE-infection:  some  died 
of  wasting-disease,  while  others  recovered  from  infection  with  minimal 
to  no  overt  disease  signs.  The  LCMV  strain.  ARM.  was  avirulent  for  all 
young  adult  hamsters,  causing  only  on  inapparent  and  resolving  infection. 
All  hamsters  that  survived  infection  by  ARM  or  WE  appeared  healthy, 
had  high  serum  LCMV-antibody  titers,  and  were  aviremic  with  tissues 
free  of  infectious-virus.  These  LCMV-survivorg  also  resisted  secondary 
WE-challenge.  Due  to  the  uniform  hamster  strain-dependent  mortality 
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responses  to  LCMV.  these  host-virus  systems  of  lethal  anti  non-lethal 
infections  ought  to  he  reliable  for  furtiier  experimental  pathogenesis  and 
immunity  studies  [30]. 

-  From  descriptive  accounts  of  lethal  and  non-lethal  LCMV-infections 
in  hamster  of  the  different  strains,  it  was  not  clear  whether  disease  and 
death  were  a  consequence  of  immunopathogenetic  mechanisms,  and  to 
what  extent  the  immune  response  was  critical  for  hamster  survival  from 
LCMV-infections.  To  better  understand  the  immune  response  role  in  the 
clinical  outcome  of  hamster  LCMV-infections.  experiments  were  con¬ 
ducted  to  determine  the  effects  of  immunosuppression  on  the  suscepti¬ 
bility  of  inbred  hamsters  to  mortality,  disease,  and  infection  by  the 
virulent.  WE.  and  avirulent.  ARM.  strains.  For  immunosuppressive  treat¬ 
ment  cf  animals  two  modalities,  cyclophosphamide  [43]  and  whole-body 
gamma-irradiation  [2],  were  applied. 


Material  and  methods  ,  > 

finis  stocks 

LCMV  strains  WE  [36]  and  ARM  [3]  of  recorded  passage  histories  (22.  34)  were 
obtained  from  Dr.  W.  E.  Kirk  (Dept,  of  Microbiology.  Medical  Center,  West  Virginia 
University.  Morgantown.  WV).  Both  LCMV  strains  were  plaque  purified,  propagated, 
and  stored  at  -70  °C  as  previously  described  [101.  Parental  stocks  of  LCMV  were  similarly 
prepared  without  plaque  purification.  Plaque  purified  WE  and  ARM  were  used  for  all 
animal  inoculations.  The  virulence  and  in  vitro  growth  traits  of  these  virus  preparations 
were  preciously  described  [10]. 

Plaque  assay  for  infectious-  LC M  V 

As  previously  described  [10],  the  LCMV-infectivity  of  all  virus  samples,  and  bloods 
and  organ  homogenates  from  LCMV-inoculated  animals  was  measured  in  plaque-forming 
units  (PFU)  in  a  Vero-oell  monolayer-agarose  overlay  culture  [7.  16].  To  develop  LCMV 
plaques  for  counting,  a  second  medium-agarose  overlay  with  neutral  red  was  applied  to 
the  cultures  [10,  34].  LCMV-infectivity  was  expressed  as  mean  log|0  PFU  ±  1  standard 
error  of  the  mean  (SEM)  per  gram  or  ml  of  sample.  Lowest  detectable  infectious-titers 
for  samples  of  blood  and  tissue  homogenates  were,  respectively,  0.7  logiy  PFU/ml  and 
1.7  log10  PFU/gram. 


Animals  and  preparation  of  tissue  samples  fur  mroloqic  and  immunologic  assays 

Female  Syrian  golden  hamsters  ( .1/  esocricetus  auratus)  reared  at  the  Lake  view  Hamster 
Colony  i  Xewfield.  NJ ).  were  purchased  at  8-10  weeks  of  age  from  Charles  River  Breeding 
Laboratories  (Wilmington.  MA).  Strains  used  were  CB/SsLak.  LHC/Lak.  LSH/SsLak. 
MHA  SsLak.  PD4/Lak.  and  the  random  colony-bred  Lak  :  LVG  (SYR).  The  strains  are 
respectively  referred  to  as  CB.  LHC.  LSH.  MHA.  Pl)4.  and  LVfJ.  Although  the  genetic 
homogeneity  ot  these  animals  was  not  monitored,  the  pedigree  of  these  hamster  strains 
is  assured  by  the  commercial  supplier. 

Animals  were  housted  in  P-3  laboratory  containment  facilities  in  filter-topped  cages, 
fed  and  watered  ad  libitum.  Prior  to  use  all  animals  were  tested  and  found  to  be  sero¬ 
negative  for  LCMV. 

Hamsters  were  inoculated  in  the  peritoneum  with  3.3  log|U  PFU  of  either  WE  or 
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P  ARM  in  0.2  ml.  anti  were  routinely  monitored  for  body  weight,  signs  of  illness,  and 
mortality.  Bloixl  samples  were  drawn  from  the  retro-orbital  sinus  into  heparinized  tubes 
for  infectious-virus  assay  and  stored  at  — 70  "(’.  Serum  for  LCMV-antibody  assays  was 
collected  and  stored  at  — 20  *C.  For  infectious-virus  assay  organs  of  sacrificed  animals 
were  asepticallv  weighed,  homogenized,  clarified  and  stored  at  — 70  °(\ 

LCM  I  -Antibody  assays 

Sera  were  heated  at  56  *C  for  30  min  and  tested,  as  previously  described  [10],  for 
LCMV-antibody  titers  by  an  indirect  imrminoflourescent  antibody  test  (I FAT)  and  an 
in  vitro  assay  for  neutralizing-antibody  used  for  arenaviruses  [III.  32].  Briefly  in  the 
1FAT  assay,  dilutions  of  lest  sera  were  incubated  with  slides  of  acetone-fixed.  I.CMV- 
infected,  Vero-eells  and  with  slides  of  fixed  uninfected  control.  Vero-cells.  Slides  were 
washed,  reacted  with  a  prediluted  FITC-IgG  conjugate  of  goat  anti-hamster  gamma 
globulin  (Rappel  Laboratories,  (.'ooper- Biomedical  Inc..  Malverne.  PA),  washed  again, 
mounted  with  PB.S-glycerol  and  a  eoverslip.  and  examined  for  immunofluorescence.  End¬ 
point  serum  IF  AT  titer  is  the  highest  dilution  showing  definite  cytoplasmic  granular 
fluorescence  of  infected  cells  and  is  expressed  as  the  mean  reciprocal  logt0  dilution  ±  1 
standard  error  of  the  mean  (SEM)  for  sample  groups.  Samples,  that  were  negative  for 
antibody  at  an  initial  1  : 5  dilution  were  recorded  with  IFAT  (-logm)  titers  of  0.7. 

LCM V-neutraiizing  antibody  was  measured  in  a  plaque  reduction  test  by  a  constant- 
serum  varied-virus  protocol  [161.  It  was  performed  using  the  Veto  plaque  assay  to  titrate 
a  standard  JLCMV  preparation  in  the  presence  of  a  constant  1  : 5  test  serum  dilution  and 
10%  fresh  normal  guinea  pig  serum  as  complement  source  [10].  This  titration  was  always 
conducted  in  parallel  with  a  virus  control  in  which  the  infectious  titer  of  the  standard 
LCMV  was  determined  in  the  absence  of  any  test  serum.  The  standard  LOMV  preparation 
used  for  this  procedure  was  a  parental  WE  stock  with  a  7.3  Logm  PFU  per  ml  titer.  Final 
infectivity  titers  of  the  standard  WE  virus  in  each  test  serum  and  virus  control  were 
used  to  calculate  serum  LCMV-neutralizing  antibody  titers  as  follows:  [(logm  PFU  of 
virus  control)  minus  (log,0  PFU  in  test  serumjj.  LCMV-neutralizing  antibody  titer  was 
expressed  as  a  mean  logm  neutralization  index  (LXI)  ±  1  SEM  for  exj>eriinental  animal 
groups.  Serum  samples  that  were  nagative  for  LCMV-neutralizing  antibody  were  recorded 
with  LXI  titers  of  0.7. 

Immunosuppression  protocols 

Immunosuppression  of  hamsters  was  achieved  either  by  whole-body  gamma-irradia¬ 
tion  or  by  cyclophosphamide  administration.  One  day  before  LCM  V-inoculation.  hamsters 
received  600  rad  whole-body  irradiation,  from  a  l3,Cs-source  gamma-irradiator  (Gam¬ 
macell  40;  Atomic  Energy  of  Canada  Ltd..  Ottawa.  Ontario.  Canada).  A  total  of  340  mg 
cyclophosphamide  (Cytoxan:  Mead  Johnson  and  Co..  Evansville.  IX)  per  kg  of  hamster 
body  weight  was  given  in  multiple  intraperitoneal  injections  as  such:  200  mg  per  kg  one 
day  before  LCMV,  100  mg  per  kg  3  days  after  virus,  and  40  mg  per  kg  8  days  after  virus. 


Results 

The  initial  objective  of  this  study  was  to  establish  an  immunosup¬ 
pressive  regimen  that  would  protect  or  prolong  the  survival  of  hamster 
strains  that  are  completely  susceptible  (MHA  and  PD4)  or  partially  sus¬ 
ceptible  (LVG  and  LHC)  to  fatal  illness  by  W’E-infection.  Using  450  rads 
"  hole-body  gamma-irradiation  and  varied  cyclophosphamide  regimens 
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(i.e.  single  or  multiple  injections  of  closes  totaling  up  to  300  mg  drug  per 
kg  body  weight,  given  1  day  before  virus  to  3  days  after  virus)  this  goal 
was" not  accomplished.  Instead,  the  survival  and  serum  LCMV-antibody 
titers  of  hamsters  of  intermediate  disease-susceptibility  (LVG  anti  LHC) 
and  disease-resistant  inbreds  (LSH  and  CB)  were  reduced.  More  of  these 
animals  had  lethal  wasting-disease  marked  by  dehydration,  lethargy, 
body  weight  loss  land  diarrhea  [10].  In  addition,  blood  LCMV-infeetivitv 
levels  of  treated  animals  were  higher  than  those  of  untreated  animals 
(data  not  shown). 

These  studies  were  continued  using  more  intensive  immunosuppressive 
regimens.  The  mortality  of  normal  animals  that  received  000  rad  whole- 
body  irradiation  or  eyelosphosphamide  (see  Materials  and  methods)  was 
less  than  10°o  over  a  00  day  observation  period.  Immunosuppression  of 
susceptible  MHA  and  PD4  hamsters  did  not  prevent  lethal-disease  after 
WE -inoculation  (data  not  shown).  The  duration  of  survival  was  similar 
among  untreated  (17.3  ±  5.0  days),  irradiated  (14.9  ±  5.3  days),  and 
eyelosphosphamide  treated  (14.5  ±  5.3  days)  MHA  hamsters!  after  WE- 
infection.  Clinical  disease  with  a  progressive  30%  to  55%  body  weight 
loss  was  noted  in  all  these  untreated  and  immunosuppressed  hamsters 
after  WE-inoculation  (data  not  shown).  Furthermore,  serum  LCMV-an¬ 
tibody  titers  of  the  WE-inoculated  MHA  and  PD4  hamsters  were  affected 
by  the  immunosuppressive  treatments.  In  untreated  animals  IFAT  titers 
of  1.5  to  2.0  ( —  log,,,)  were  usually  detected  in  the  sera  bv  7  days  after 
WE-inoculation  and  these  titers  increased  to  3.0  (  —  log10)  by  day  14. 
None  of  the  hamsters,  treated  with  the  immunosuppressive  agents,  had 
detectable  serum  titers  of  IFAT  when  sampled  on  or  after  day  7  of  WE- 
inoculation  (data  not  shown).  Blood  samples  taken  form  these  animals, 
between  7  and  14  days,  all  had  comparable  levels  of  infectious-virus 
ranging  form  5.0  to  6.0  log10  PFU  per  ml  (data  not  shown). 

The  effect  of  treatment  with  either  irradiation  or  cyclophosphamide 
on  mortality,  immunity  and  infection  by  WE  in  LCMV-disease  resistant 
inbred  LSH  (Tables  I  and  2.  and  Fig.  I )  and  CB  (data  not  shown)  hamsters 
was  examined.  As  shown  in  Table  1.  without  treatment  such  animals 
after  WE-inoculation  did  not  die  and  never  had  signs  of  illness.  By  42 
days  after  WE-inoculation  these  animals  underwent  a  29%  body  weight 
gain  which  was  comparable  to  the  weight  increment  of  the  healthy  age- 
matched  uninoculated  controls  (Table  1).  Humoral  LCMV-immunity  was 
also  induced  in  these  surviving  hamsters:  mean  serum  LCMV-antibody 
titers.  IFAT  and  LNI.  were  respectively  3.8  (  —  log10)  and  2.6.  These 
survivors  were  also  not  viremic. 

Treatment  with  either  irradiation  or  with  cyclophosphamide  rendered 
all  LSH  (Table  1)  and  CB  (data  not  shown)  hamsters  susceptible  to  lethal 
wasting-disease  by  WE.  Mean  times  to  death  after  WE-inoculation  for 
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Table  1.  Effect  of  immunosuppression  on  the  survial  »f  LSH  hamsters  after  in  tra  peritoneal 

WE- inoculation'1 


Inoculated  Survival  Survival  Body  weights'"  LCMY-antibodvr 

virusb  ratio1'  time'1  - -  - 

initial  dead  survivors  TEAT  LXT 


Immunosuppressive  treatment:  Xone 

+  9/9  **  91.6±3.3  -  1 18.3 ±6.9  3.8 ±  .3  2.6±.4 

7/7  **  89. 1  ±4.1  -  1 14.6  ±8.0  <  0.7  <0.7 

Immunosuppressive  treatment:  Irradiation 

+  0/14  17.7  ±  4.4  90.4  ±4.8  50.3±9.6  -  -  - 

8/8  **  88.6 ±4.3  -  I12.7±7.7  <0.7  <0.7 

Immunosuppressive  treatment:  Cyclophosphamide 

+  0/16  18.6  ±3.7  92.6  ±3.7  54.9  ±9.1  -  -  - 

12/12  **  9 1.6 ±3. 5  -  1 13.0 ±  4.8  <  0.7  <  0.7 


1  Inbred  LSH  hamsters  are  resistant  to  lethal  wasting-disease  by  WE.  (Similar  results 
were  obtained  for  diseases-resistant  inbred  OB  hamsters)  >  ' 
b  Inoculated  virus:  Groups  of  animals  given  3.3  log)#  PFU  of  WE  by  the  intrajieritonal 
route  are  shown  by  the  postitive  sign  ( +  ).  Groups  of  animals  as  uninoculated  controls 
are  shown  by  the  negative  sign  ( —  ) 
c  Xumber  of  animals  alive  at  42  days  to  the  total  number  inoculated 
'*  Mean  time  to  death  for  animals  with  fatal  WE-inoculation  is  expressed  as  days  ( ±  1  SD). 
*  initial  Mean  body  weight  of  animals  in  experimental  groups  at  time  of  virus  inoculation. 
dead  Mean  body  weight  of  lethally  inoculated  animals  at  death,  survivors  Mean  body 
weight  of  animals  alive  at  42  days.  Weights  are  expressed  as  grams  ( ±  1  SD) 
f  Mean  IFAT  (  — log|0)  and  LXI  serum  LCMV-antibody  titers  (±  1  SEM)  of  surviving 
animals  at  42  days.  Bloods  of  all  animals  surviving  beyond  42  days  of  WE-inoculation 
were  negative  for  infectious-LCMV.  Serum  titers  of  <  0.7  are  negative  for  LCMV- 
antibody 

**  Surviving  hamsters  lived  beyond  42  days  of  virus  inoculation 


irradiated  hamsters  and  for  cyclophosphamide-treated  hamsters  were 
17.7  days  and  18.6  days,  respectively.  All  these  lethally  inoculated  ham- 
v  ,.:d  sters  had  wasting-disease  signs  that  resembled  the  illness  of  disease-sus- 

-  lJm*  ceptible  hamsters.  WE-inoeulated  LSH  hamsters,  treated  with  irradia- 

..  ...  j  tion,  lost  41.4%  body  weight  by  the  time  of  death.  A  40.7%  reduction 

in  mean  body  weight  was  noted  by  time  of  death  for  WE-inoeulated. 
cyclophosphamide  treated.  LSH  hamsters. 

The  effect  of  immunosupressive  agents  on  the  virologie  and  immu¬ 
nologic  status  of  WE-inoeulated.  disease-resistant.  LSH  (Table  2  and  Fig. 
1)  and  CB  (data  not  shown)  hamsters  was  examined.  Animals  were  sac¬ 
rificed  21  days  after  WE-inoculation.  Without  immunosuppressive  treat¬ 
ment  WE-inoculated  LSH  (Table  2)  and  CB  (data  not  shown)  hamsters 
.  had  no  disease  signs  and  gained  as  much  body  weight  as  did  uninoculated 

animals.  These  animals  were  barely  viremic;  infectious-virus  blood  levels 
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Table  2.  Effect  of  immunosuppression  on  WE- infection  of  I,SH  hamsters'* 

^  Body  weights'1  LCM\'-antibodvr 

LCMV  ~  _  _ ; _ 

'inoculation1*  No.  of  animals1'  day  0  day  21  Viremiap  IFAT  LXT 

Immunosuppressive  treatment:  None 

+  8  91.8 ± -Mi  108.22.7.6  1.2±0.7  3.2±0.3  1.2 ±0.2 

8  89.6  ±4.2  103.5  ±6.7  <  0.7  0.7  sg  0.7 

Immunosuppressive  treatment:  Irradiation 

+  12  91.1+4.8  58.0+11.3  5.6 ±0.8  0.9 ±0.4  $0.7 

6  90.8  ±  3.3  106.4  ±7.4  $  0.7  52  0.7  $  0.7 

Immunosuppressive  treatment :  ( ’vdophosphamide 

+  12  91 .6 ±4.3  55.3  ±  8.2  5.9 ±0.6  0.9  ±0.4  $  0.7 

8  91.7  ±5.4  104.8  ±7.7  $  0.7  $  0.7  $  0.7 

“  Inbred  LSH  hamsters  are  resistant  to  lethal  infection  by  WE.  (Similar  results  were 
obtained  for  lethal  disease-resistant  inbred  CB  hamsters) 

b  Groups  of  animals  given  3.3  loglft  PFU  of  WE  by  the  intraperitonal  route  are  shown 
by  the  postitive  sign  ( + ).  Groups  of  animals  as  uninoculated  controls  are  shown  by 
the  negative  sign  (  —  ) 

c  Numbers  of  individuals  in  each  experimental  group  sacrificed  on  day  21  of  WE-inocu- 
lation 

d  Mean  body  weight  is  expressed  in  grams  ( ±  1  SD) 

'  Mean  infectious- virus  con  tent  of  blood  for  each  experimental  group  at  21  days  is  ex  pressed 
as  logw  PFU  ( ±  1  SEM)  per  ml  blood.  Virus  titers  of  $  0.7  log1(>  PFU  are  negative  for 
infectivity 

f  Mean  IFAT  (  —  Iogl0)  and  LXI  serum  LCMV-antibody  titer  (±  1  SEM)  of  each  exper¬ 
imental  group  at  day  21.  Serum  titers  of  $  0.7  are  negative  for  LCMV-antibody 


of  LSH  (Table  2)  and  CB  (data  not  shown)  hamsters  were  respectively 
1.2  and  ^  0.7  iog10PFU  per  ml.  Seroconversion  to  LCMV  was  also  evident 
with  IFAT  titers  >  3.0  (  —  log1())  and  low  LNI  titers  of  about  1. 1  to  1.2. 
However,  by  treatment  with  irradiation  or  cyclophosphamide,  the  LCMV- 
immune  response  of  WE-inoculated  hamsters  was  depressed  as  shown  by 
a  lack  of  IFAT  and  LXI  serum  titers.  All  these  later  animals  were  ill 
with  significant  body  weight  reduction.  Moreover,  all  these  immunosup- 
pressed  hamsters  were  highly  viremic  with  about  5.5  log10  PFU  of  in- 
fectious-LCMV  per  ml  of  blood. 

The  effect  of  immunosuppressive  treatment  on  the  extent  of  systemic 
infection  was  also  determined  at  day  21  for  disease-resistant  inbred  LSH 
(Fig.  1)  and  CB  (data  not  shown)  hamsters.  By  1  week  after  WE-inoc- 
ulation  infectious-LCMV  can  be  readily  detected  in  the  bloods  and  organs 
of  all  hamsters,  and  by  3  weeks  infectivity  is  reduced  to  barely  detectable 
titers  in  disease-resistant  strains  [30:  Genovesi  and  Peters,  submitted  for 
publication].  By  21  days,  as  shown  in  Fig.  1  for  untreated,  WE-infected 
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LSH  hamsters,  organ-virus  titers  were  either  undetected  1.7  log|„ 
PFU  per  gram)  or  no  higher  than  2.0  Iog|„  PFU  per  gram.  Infectious- 
virus  levels  in  all  tested  organ  homogenates  of  irradiated  hamsters  and 
cyclophosphamide-treated  hamsters  were  significantly  higher  than  for 
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Fig.  1.  Effect  of  immunosuppression  on  the  infectious-LCMV  contents  of  organs  of  WE- 
infected.  disease-resistant  LSH  hamsters.  Treated  and  untreated  female  LSH  hamsters 
were  inoculated  in  the  peritoneum  with  3.3  log]0  PFU  of  WE  and  sacrificed  21  days  later. 
Bloods  and  organs  were  tested  for  infectious-LCMV.  Observations  were  based  on  8  animals 
per  treatment  group.  Infectious-virus  titers  are  the  mean  logj0  PFU  ( ±  1  SEM)  per  ml 
blood  or  per  gram  of  organ.  Virus  titers  of  ^  1.7  log10  PFU  per  gram  for  organs  and 
^  0.7  logu,  PFU  per  ml  for  blood  were  considered  negative  for  infectivitv.  (Comparable 
results  were  also  obtained  for  VVE-disease  resistant  CB  hamsters) 


the  untreated  WE-infected  animals,  and  contained  5.0  to  6.0  logK)  PFU 
per  gram. 

For  hamsters  of  strains  (LVG  and  LHC)  intermediate  in  susceptibility 
to  lethal  wasting-disease  by  VVE,  60%  to  70%  died  with  wasting-disease 
between  1  to  4  weeks  after  3.3  log1()  PFU  challenge  inoculum.  The  re¬ 
maining  animals  did  not  have  overt  signs  of  illness  and  survived  beyond 
4  weeks  of  virus  inoculation  with  no  infectious-virus  in  their  tissues  [10]. 
As  reported  for  the  other  strains,  the  immunosuppressive  treatments 
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till 

rendered  all  LVG  and  LHC  strain  hamsters  completely  susceptible  to 
lethal  wasting-disease  (data  not  shown).  Following  WE-inoculation  all 
these  hamsters  died  anti  lost  35%  to  50%  of  original  body  weight.  Time 
to  death  in  these  untreated  hamsters  with  lethal  WE-inoculation  ranged 


□  untreated  ■  cyclophosphamide  □  600  rads 
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Fig.  2.  Effect  of  immunosuppression  on  the  infectious- LOMV  contents  of  organs  of  WE- 
infeeted  LVG  hamsters  of  intermediate  susceptibility  to  lethal  wasting-disease  by  WE. 
Organ-virus  titers  of  treated  and  untreated  female  LVG  hamsters  are  shown  at  21  days 
after  WE-inoculation.  See  legend  of  Fig.  1  for  other  details.  (Comparable  results  were 
also  obtained  for  inbred  LHC  hamsters  of  intermediate  susceptibility  to  lethal 

WE-disea.se) 

from  12  to  25  days.  All  immunosuppressed  hamsters  died  with  comparable 
survival  times  ranging  from  9  to  22  days  after  WE-inoculation. 

Effects  of  immunosuppressive  treatment  on  LCMV-infeetion  and  im¬ 
munity  in  LVG  and  LHC  strain  hamsters  were  similar  to  those  for  the 
aforementioned  inbred  hamsters.  WE-inoeulated  LVG  and  LHC  ham¬ 
sters.  that  were  treated  with  the  immunosuppressive  agents,  failed  to 
develop  serum  LCMV-antibody  titers  (data  not  shown).  Moreover,  com¬ 
pared  to  untreated.  WE-inocuiated  LVG  and  LHC  hamsters,  infectious- 
virus  titers  persisted  at  higher  levels  in  the  tissues  of  the  immunosup¬ 
pressed  counterparts  (data  not  shown).  This  is  also  illustrated  in  Fig.  2 
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p  Table  3. 

Effect  of  immunosuppression  on  hamster  survival 
ARM -inoculation 

after  mtraperitoneal 

Hamster* 

strain 

Immunosuppressive 

treatment 

Lethal h 
ratio 

Survival1' 

time 

MHA 

None 

0;«> 

Irradiation 

12  Iti 

■  15.2  ±4.!) 

Cyclophosphamide 

13/ Hi 

13.!)±4.3 

LVG 

None 

0/7 

Irradiation 

0;  lb 

15.1  ±3.8 

( 'velophosphamide 

11/1(5 

l<>.4±3.7 

LSH 

None 

0/8 

Irradiation 

ti/lti 

14.7  ±4.5 

Cyclophosphamide 

12/ Iti 

15.<>  ±5.0 

*  Animals  were  given  15.3  logm  PFU  of  ARM.  Itnmunosii|>pressive  treatments  were  ;is 
indicated 

b  Number  of  animals  dead  hv  42  days  after  virus  inoculation  to  the  total  number  inocu¬ 
lated 

p  Mean  time  to  death  for  animals  with  fatal  virus  inoculation  is  expressed  as  days  (  ±  1  SD) 
and  does  not  include  survivors.  All  hamster  survivors  lived  beyond  42  days  of  ARM- 
inoculation 


for  LYfl  hamsters  at  21  days  of  WE-infection.  Organs  and  bloods  of  \VE- 
infeeted  LVO  hamsters,  that  were  treated  with  either  irradiation  or  with 
cyclophosphamide,  contained  significantly  more  infectious- LOMY  (>  2.0 
to  3.0  logp)  PFU  per  gram  or  per  ml)  than  did  untreated.  WE-infected 
hamsters. 

The  effect  of  immunosuppressive  treatment  on  the  susceptibility  of 
inbred  hamsters  to  mortality  by  the  avirulent  ARM  strain  of  LCMY  was 
also  tested  (Table  3).  Without  treatment  all  MHA.  LVO.  and  LSH  ham¬ 
sters  (Table  3),  as  well  as  PD4.  LHC.  and  CB  strain  hamsters  (data  not 
shown)  survived  ARM-inoculation.  However,  immunosuppressive  treat¬ 
ment  rendered  all  these  hamster  strains  partially  susceptible  to  lethality 
by  ARM.  Xo  more  than  80%  of  the  iminunosuppressed  hamsters  died 
following  ARM-inoculation.  and  mean  survival  times  ranged  from  2.0  to 
2.o  weeks. 

It  should  also  be  noted  uninfected  hamsters  treated  with  irradiation 
or  cyclophosphamide  appeared  healthy  throughout  the  periods  of  obser¬ 
vation.  and  only  an  occasional  animal  died.  Body  weight  measurements 
on  day  21  and  on  day  42  confirmed  that  immunosuppressed  hamsters  of 
all  six  inbred  strains  had  gained  as  much  weight  as  did  age-matched, 
untreated  controls  (refer  to  control  data  in  Tables  1  and  2). 


V *V v* V7 v;  -\v,  v'.v^v.^jv^r; V.  v^j 


;:j 


r  •••»»••- 

■  ■  .•-  ■ 

> 

t. ..  ,>**j 

(r  ■  '  >  '  ‘ 

l  ■  ••‘•  = 


►  -•  ■:> 
y  --.•:  >'- 

•-  ■ 


Immnnn.su|>prt*ssicm-inilu<t-<l  susceptibility  iif  inbred  hamsters  71 

Discussion 

£> 

In  nature  arenaviruses  usually  persist  in  chronically  infected  rodent 
hosts.  Virus  transmission  from  rodent  reservoirs  to  susceptible  hosts  of 
similar  or  other  mammalian  species  could  lead  to  infections  with  a  spec¬ 
trum  of  consequences  ranging  from  no  apparent  disease  to  acutely  fatal 
or  chronic  disease.  Much  of  our  understanding  of  arenavirus  virulence 
has  relied  on  the  murine-LOMV  paradigms  of  acute  and  chronic  immu- 
nopathology  [7.  11.  23.  25]  In  acutely  lethal  murine  LCMV-diseases.  T- 
lymphocyte  immune-effector  mechanisms  are  involved  in  virus  elimi¬ 
nation  from  infected  tissues,  and  also  lead  to  illness  and  death  [7.  23-25. 
45,  40],  Under  conditions  of  compromised  thymus-dependent  immune 
functions  LCMY-infected  murine  hosts  survive  and  remain  actively  in¬ 
fected  as  life-long  virus  carriers.  This  latter  condition  mav  develop  after 
congenital  or  neona  ai  infection  [7.  23.  26],  by  infection  of  genetically 
athymic  mice  [7.  27.].  or  in  immunocompetent  adults  by  immunosup¬ 
pressive  treatment  [7.  13.  14.  38-40],  In  LCMV-carrier  mice  ohronic  im¬ 
mune-complex  disease  occurs  [7],  and  the  extent  to  which  pathology  and 
disease  develop  may  be  due  to  thymus-dependent  LCMV-antibodv  re¬ 
sponses  [7.  37]. 

Whereas  immunosuppressive  treatment  protected  susceptible  murine 
hosts  from  immunopathogenetic  disease  by  LCMV-infection  [6.  13.  14. 
38-40],  such  measures  had  an  opposite  effect  on  the  susceptibility  of 
hamsters  to  WE-induced  mortality.  By  treatment  with  either  irradiation 
or  cyclophosphamide  all  hamsters,  regardless  of  pedigree,  died  of  WE- 
infection  and  exhibited  diarrheal  wasting-disease  tha  charcterized  lethal 
WE-infections  of  susceptible  inbred  MHA  and  PD4  hamsters  [10].  The 
regimes  of  irradiation  and  cyclophosphamide  used  in  this  study  sup¬ 
pressed  serum  LCMV-antibodv  titers  in  WE-inoculated  MHA  and  PD4 
hamsters,  without  affecting  mortality,  infection,  and  clinical  illness  pat¬ 
terns  (data  not  shown).  These  results  demonstrated  that  immune-me- 
diated  pathogenesis  was  not  critical  in  the  fatal  wasting-disease  of  sus¬ 
ceptible  hamsters  with  WE-infection.  The  host  immune  response  clearly 
functioned  to  protect  infected,  disease-resistant  hamsters  against  lethal 
illness. 

Infection  by  the  avirulent  ARM  strain  of  LCMV  did  not  cause  mor¬ 
tality  (Table  3)  or  overt  illness  in  any  young  adult  hamster.  These  animals 
eliminated  ARM-infection  and  developed  LCMV-immunity  [10],  In  im- 
munosuppressed  hamsters  ARM-inoculation  induced  death  in  no  more 
than  80%  of  the  animals  (Table  3).  These  results  suggest  that  although 
the  immune  response  was  an  important  contributing  factor  to  the  non- 
lethal  outcome  of  ARM-infection.  it  was  not  the  sole  determinant.  Ob¬ 
servations  on  virus  replication  in  irradiated  and  cyclophosphamide 
treated  hamsters  (Figs.  1  and  2)  are  also  pertinent  to  Understanding  the 
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mechanisms  that  underlie  the  resistance  of  some  inbred  hamster  strains 
to  WE  [10].  \  iremia  appears  within  a  few  days  of  H’E-inoculation  and 
reaches  a  peak  by  1  week,  at  which  time  IFAT-antibody  is  present  in 
serum.  Viremia  and  organ-associated  infectious-virus  were  higher  and 
more  prolonged  in  WE-disease  susceptible  hamster  strains,  but  the  pat¬ 
tern  of  virus  distribution  in  bloods  and  organs  was  basically  the  same  in 
all  animals  [30:  Cenovesi  and  Peters,  submitted  for  publication].  When 
WE-disease  resistent  animals,  treated  with  irradiation  or  cyclophospha¬ 
mide.  were  monitored  after  virus-inoculation,  their  LCMY-antibodv  re¬ 
sponses  were  markedly  depressed  and  viremia  levels  were  significantly 
elevated  (Table  2.  Figs.  1  and  2).  The  reported  virus-infectivity  titers  in 
the  bloods  and  organs  ol  the  WE -infected  immunosuppressed  MHA  ham¬ 
sters  approximated  levels  found  in  WE-infected.  disease-susceptible  MHA 
hamsters  [30:  Genovesi  anil  Peters,  submitted  for  publication].  Thus, 
even  the  tissues  of  WE-disease  resistant  hamster  strains  allow  for  virus 
replication  to  high  levels,  if  the  host  immune  response  is  ablated.  The 
meehanism(s)  of  hamster  resistance  to  LCMY  lie’s  in  the  immune  system, 
although  not  necessarily  in  the  humoral  antibody  response  as  measured 
in  this  and  other  studies  [10.  30].  Although  before  death.  WE-disease 
susceptible  hamsters  produce  LCMY-antibodies  at  titers  that  are  com¬ 
parable  to  those  of  disease-resistant  hamsters,  such  antibodies  may  not 
be  protective.  High  infectious-LCMY  titers  in  bloods  and  organs  always 
correlated  with  induction  of  wasting  and  death,  whether  comparing  lethal 
WE  to  avirulent  ARM,  susceptible  to  resistant  hamster  strains,  or  im¬ 
munosuppressed  to  iinmunointact  animals.  This  relationship  was  noted 
in  previously  reported  LCMY-infections  of  hamsters  [29],  in  other  are¬ 
navirus  disease  models  [3.  6,  17-19,  30.  31.  36.  48.  49],  and  in  human 
Lassa  fever  virus  infections  [20]. 

The  role  of  antibody  in  recovery  from  infections  with  viruses  such  as 
LCMY,  Lassa.  and  Pichinde  is  not  clear.  Certainly  the  appearance  of 
antibodies  measured  by  IFAT  in  the  LCMY-infeeted  hamster  or  in  Lassa 
fever  virus  infections  [17.  19,  20]  does  not  herald  any  significant  change 
in  disease  progression.  Although  it  can  be  argued  that  the  lethal  effects 
of  hamster  LCMY-infections  are  due  to  the  levels  of  infectious-virus  in 
the  tissues,  the  simultaneous  presence  of  viremia  and  circulating  virus- 
specific  antibody  suggests  that  there  may  be  a  secondary  role  for  im- 
munopathologv  which  needs  to  be  established  [30.  31].  The  hamster 
LCMY-antibodv  response  is  most  probably  of  secondarv  importance  to 
the  lethal  or  non-lethal  outcome  of  acute  infection.  Cell-mediated  im¬ 
munity  may  regulate  protective  anti-viral  mechanisms  that  are  para¬ 
mount  to  the  health  and  survival  of  hamsters  with  LCM  Y-infection.  Cell- 
mediated  immune  responses  were  described  for  hamsters  with  inapparent. 
non-fatal  arenavirus  infections  [9.  28.  51].  Ongoing  studies  in  our  labo- 
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ratory  have  established  a  direct  relationship  between  the  resistance  of 
hamster  strains  to  lethal  LOMY-infections  and  cell-mediated  immune 
responsiveness  to  LCMY  [30:  (lenovesi  and  Peters,  unpublished  results|. 
The  results  of  these  latter  studies  will  be  presented  in  a  future  commu¬ 


nication. 


The  importance  of  T-lvmphocyte  mediated  encephalitis,  visceral-dis¬ 
ease.  and  chronic  immunecomplex  disease  in  the  murine-LCM  Y  paradigms 
is  unquestioned  [7.  11. 2d],  However,  in  several  arenaviral  disease  models 
immunosuppressive  treatment  exacerbates  clinical  disease  manifestations 
and  death,  rather  than  affording  host  protection:  Pichinde  virus  in  ham¬ 
sters  [(>].  selected  .Junin  virus  strains  in  rats.  mice,  and  guinea  pigs  [4. 
d.  12.  21  ].  and  LCMY  in  guinea  pigs  [30],  These  models  are  more  relevant 
to  the  arenaviral  hemorrhagic  fevers  of  man  [30.  31  ]  rather  than  the  well 
studied  murine-LCM  Y  systems.  Due  to  potential  experimental  flexibility, 
the  hamster- LCMY  models  of  acutely  lethal -disease  and  non-Iethal.  in- 
apparent.  infections  could  serve  as  a  useful  system  for  further  studies 
into  the  pathogenesis  of  human  arenaviral  hemorrhagic  fevers. 
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